While large-scale literature reviews are nowadays becoming a staple element of modern research practice, there are many challenges in taking on such an endeavour, yet little evidence of previous studies addressing these challenges exists. This paper introduces a practical and efficient review framework for extremely large corpora of literature, refined by five parallel implementations within a multi-disciplinary project aiming to map out the research and practice landscape of Modelling, Simulation, and Management methods, spanning a variety of sectors of application where such methods have made a significant impact. Centred on searching and screening techniques along with the use of some emerging IT-assisted analytic and visualisation tools, the proposed framework consists of four key methodological elements to deal with the scale of the reviews, namely: a) an incremental and iterative review structure, b) a 3-stage screening phase including filtering, sampling and sifting, c) use of visualisation tools, and d) reference chasing (both forward and backward). Five parallel implementations of systematically conducted literature search and screening yielded a total initial search result of 146 087 papers., ultimately narrowed down to a final set of 1383 papers which was manageable within the limited time and other constraints of this research work. 
five parallel implementations within a multi-disciplinary project aiming to map out the research and practice landscape of Modelling, Simulation, and Management methods, spanning a variety of sectors of application where such methods have made a significant impact. Centred on searching and screening techniques along with the use of some emerging IT-assisted analytic and visualisation tools, the proposed framework consists of four key methodological elements to deal with the scale of the reviews, namely: a) an incremental and iterative review structure, b) a 3-stage screening phase including filtering, sampling and sifting, c) use of visualisation tools, and d) reference chasing (both forward and backward). 
Introduction
As research becomes more multi-disciplinary in nature, significant challenges arise in managing literature surveys. Conventional literature surveys usually involve methods to focus down to a manageable set of papers. This may be achieved by using judgment to restrict academic outlets, key words to make a selection of papers within those outlets, and perhaps other measures to bring the final set of papers down to a manageable size, so that it can be analysed by a small team.
The challenge for multi-disciplinary research is that it may involve analysing several diverse corpora of literature -which increases both the breadth and number of available paperswithin a limited available time in the project. Scenarios in which we are interested may have the added complexity that literature survey accounts for a small part of the research programme, and so there is added scale and complexity to be addressed within compressed timescales.
The challenge facing the RIGHT (Research Into Global Healthcare Tools) consortium 1 in addressing modelling and simulation (M&S) in healthcare was to conduct an extremely large, cross-sector survey on the following five fields within a short period of time:
• Simulation in business and manufacturing
• Simulation in military and aerospace
• M&S in healthcare
• Management and planning methods in healthcare
• Management and planning methods in industry and manufacturing
Having a focus on Healthcare, the RIGHT project has built an evidence base with the aim to establish whether there are any useful insights from other sectors that may be transferred 1 www. RIGHT.org.uk across and applied towards implementing improvements on various functional areas in the healthcare sector.
'Management', 'modelling' and 'simulation' are very general terms that incorporate an extremely broad range of fields. Nevertheless, the aim of our study was to cast a wide net in order to depict a general picture of the literature, with a particular focus on soft applications (process & management) . The only applications that were excluded from our study were the ones involving 'physical design' such as the application of M&S in 'rapid prototyping', which were considered to be outside the scope of the research.
The total number of papers in the first round of search within academic literature was 146 087 (if grey literature is included, the number of papers exceeds 42 000 000). For instance, literature on simulation in manufacturing and business alone represented more than 72 752
papers (based on a search in the Scopus database for peer-reviewed articles published from 1990 to 2007).
The challenge was to find a systematic means of addressing the breadth of the material from the above listed fields in a robust and systematic way, and yet of reducing it to few enough papers for one or two researchers to survey an entire field in a few months -a target of up to around 300 papers per researcher -and to emerge with a good understanding of those literatures.
Such rapid reviewing requires the employment of tools available to support such surveys.
Graphical tools that enable whole sectors of the literature to be visualised with respect to keywords, date of publication, author or other delimiter are available. Some surveys may benefit from automated and agent-based search tools (Jansen & McNeese, 2005) . Moreover, the development of super-databases, such as Scopus, Web of Science, Google Scholar, and
PubMed, provides opportunities for utilising various new analytical tools.
In this paper we present a 'rapid review' framework based on a traditional process known in the literature as 'systematic review', such as that described by McKibbon (2006) (See Figure   1a ). We have placed the main characteristics of our method alongside McKibbon's to show how it builds upon accepted practice. Here, a particular focus is put on searching and screening techniques and also on the use of some emerging IT-assisted analytic and visualisation tools to tackle the challenges of extremely broad literature reviews. Our framework, as shown in figure 1b, has four core elements, first of which is an incremental and iterative structure that is instrumental to a large-scale literature review. The second element is a 3-stage phase of screening that employs a) filtering, b) sampling, and c) sifting, to narrow down the search results in line with the research objectives, and subject to the resource constraints. The third element involves the use of a visualisation tool, CiteSpace (Chen, 2006) in this case, which enables the terrain in question to be surveyed quickly and in a versatile manner. The fourth element picks up references regarded as critical to the reviewed domains that may have been missed by the earlier steps. Question Formulation, Data Extraction and Data Analysis and Presentation were, of course, part of our framework's overall process, but are not described in detail here, because these steps follow the traditional approach. We report briefly on our experiences and findings by presenting an overview of the five surveys, while most results are already in the public domain (Brailsford et al., 2009; Garg & McClean, 2008; Jahangirian et al., 2009; and Naseer et al., 2009 we reflect on the potential usefulness of the resulting framework, the limitations of our study and future directions for methodological development.
Background
While researchers apply various sets of techniques to conduct a literature review, efforts have been made to develop standardized methodologies. 'Systematic Review' is an established term for those review practices that follow a structured methodology. Cook et al. (1997) define 'systematic review' as a review that assembles, critically appraises or evaluates, and synthesizes the results of primary studies in an integrative approach.
There are specific steps to follow in a systematic review. McKibbon (2006) (Fig. 1a) .
Interestingly, it is primarily in the medical and healthcare sector that the systematic reviews have been initiated, heavily applied, nurtured, and improved. The first known example of a systematic review dates back to 1904 (Pearson, 1904) and is on a medical topic. A quick search within the Scopus database using the search term 'systematic review' returned 11 320 articles, over 99 percent of which were published in medical or medicine-related journals. As our study primarily addresses non-medical fields, namely simulation, modelling and management, we have identified five recently published systematic reviews that either are non-medical or have some similarities in scope with our study. Table 1 includes some of the main methodological characteristics of these five reviews.
What is apparent from these five systematic reviews is that: 1) All five reviews address a narrowly defined field of research, where narrowly defined problems, applications, methods, or industries are dealt with, and in some cases -Pino et al., 2008 and Zhang et al., 2008 -some methods are adopted to restrict the initial sources to a limited number of academic outlets. As a result, the largest initial set of papers among these five reviews amounts to around 6 000 (in the case of Greenhalgh et al., 2004) , which is a much smaller scale than that of our study.
2) They do not generally follow a comprehensive approach to search and filtering, for instance reference chasing is applied only in Greenhalgh et al.'s study.
3) There is no sign of visualisation or sampling techniques used in any of the five reviews. It can also be seen from the literature that the body of knowledge on systematic reviews is still developing and variations to its fundamentals are being explored.
The five literature reviews: characteristics and methodological aspects
The five interconnected reviews were carried out in 2007 by five teams that are the main academic partners of the RIGHT project. Table 2 describes and compares important features of these five broad literature reviews, which address mutually exclusive domains, yet with a single vision and a co-ordinated way of conducting research and sharing knowledge. Each of the five reviews was carried out by one review team, respectively -consisting of at least two academics -targeting a specific body of knowledge and responding to a specific research question. This variation in the review context brought some degree of differentiation in the review methodologies that each team followed.
Even though the five literature reviews were conducted in a way that is similar to a 'systematic review' methodology, we have been cautious not to call them 'systematic reviews', mainly because they adopted and implemented 'sampling' as a part of the screening process.
In the following analysis, the main characteristics and methodological aspects of the five reviews are analysed based on the features of the comparative Table 2 , while emphasis is put on 'search' and 'screening' stages where the main contributions of the present paper are laid on.
General process structure:
All five systematic reviews followed an incremental and iterative process. They are iterative in a sense that they have followed some cyclic routines particularly with regard to 'search protocol identification' and also 'search process in different databases'. They are also incremental, because the search result becomes more complete as the process evolves. For example, 'Reference Chasing' adds more papers to the first set of selected papers, as the review process goes on. The reviews have benefitted from the incremental and iterative nature of the literature review process, mainly because: a) Much learning and improvement takes place as a result, and driven by feedback from the early stages of the process.
b) The review could be progressively expanded in the future by adding more data sources or new articles and reactivating the search process. 
Search:

Search methods:
Because of the broad extent of the literature reviews, all review teams adopted electronic database searching as their core search method. This method, which constitutes one of three methods used in this study, requires an informed and careful selection of keywords. The process of identification of search keywords can be initiated with inputs from experts, and then modified through an iterative process either with the assistance of data visualisation tools, e.g. CiteSpace, or through pilot searches. Team 5 worked out a preliminary topical taxonomy (a hierarchical index of terms specific to the topic of interest), which helped to identify the right combinations of keywords. CiteSpace was also used to ensure that the right keyword(s) to represent a topic has been selected. For example if CiteSpace finds that the frequency of appearance of a keyword is zero (or very small), then an attempt was made to look for an alternative keyword to represent that topic.
As there is a possibility of missing some important references due to employing filtering mechanisms and particularly 'sampling', the methodology compensates for this limitation by using a number of parallel, complementary search techniques, one of which is Reference
Chasing. There are two reference chasing methods, one looking Backward and the other looking Forward; the former uses the list of references included in an article and the latter looks at the citing articles published subsequently. The forward reference chasing method could be more important than backward chasing, as it directs the search to more recently published articles that might contain more novel ideas. While the authors of this paper have not been able to find any existing studies in the literature that apply forward reference chasing, Greenhalgh & Peacock (2005) 
Databases:
Each team decided independently which databases are the most relevant to the subject domain of their review. From the choices of sources made by the teams, Scopus has been found to be useful for four out of the five reviews, which demonstrates the wide coverage of this database for systematic reviews of Modelling, Simulation, Management, and Planning techniques in sectors such as Military, Aerospace, Manufacturing, Business and Healthcare.
The prominence of Scopus is supported by the following evidence:
1) Scopus covers more than 16,000 peer-reviewed journals from more than 4000 publishers (Elsevier, 2009), which seems to be the largest citation and abstract database of peerreviewed literature and quality web sources. Selection of the journals with an impact factor of 1.5 and above from the remaining 24 JCR categories.
The result from this analysis has shown that only 10 out of the 583 journals that were sampled were either not listed in the Scopus database (6 journals) or were presently in inactive subscription mode (4 journals). In other words, approximately 98.28% of the journals that were sampled were included in the Scopus database.
With regard to healthcare literature, Scopus covers all of the journals in MedLine, and also includes a more expanded spectrum of journals in more scientific fields than PubMed does (Falagas et al., 2008) , making it an interdisciplinary database that covers articles in other disciplines as well. Therefore it constitutes a better choice for interdisciplinary studies (such as the one presented here as an example -i.e. RIGHT project).
There was also an effort by Team 5 to cover some of the grey literature, in which they mainly used two sources: Google (including 'Google book search'), and Scopus (including patent databases and Scopus web search for scientific webpages).
On the other hand, Team 4 uniquely used the MeSH (Medical Subject Headings) database search in PubMed. MeSH search provided a controlled vocabulary for indexing articles and allowed effective retrieval of relevant articles in the fields of medicine, nursing, dentistry and healthcare systems. The MeSH database was particularly helpful in establishing an effective, initial filtering process. For example, articles on 'disease management methods', which were irrelevant to Review 4, were easily filtered from general planning and management methods using MeSH term searches, whereas this filtering could have been very problematic using free search terms. Table 2 shows the Medical Subject Headings Team 4 used for inclusion and exclusion.
Inclusion and exclusion criteria:
There is a general tendency within all five reviews towards a wide coverage and inclusion of literature in terms of methods, applications, and industries. The five reviews also aim to complement each other, so as to develop a wider insight into the fields of M&S. As a result, some inclusion criteria have been devised to meet the wider goals of the entire project, rather than be limited to the narrow confines of each review.
At the same time, the reviews were planned to be mutually exclusive and thus exclusion criteria must fulfil this requirement. In addition, the exclusion criteria have been formulated in order to cover more recent papers, as well as addressing Management & Process aspects of the studies rather than Physical Design aspects. Another exclusion criterion set the requirement that the full-text content of the papers is accessible in English -in order for the reviewers of the five teams to fully process and study the papers in detail, as well as for the research community and wider readership to be able to approach the reviewed body of literature without problems.
Screening mechanisms:
The main challenge of conducting such extremely large literature reviews is to narrow down the search results. This unavoidably leads to adopting 'screening' methods that are devised around the research objectives, subject to the resource constraints. Of particular importance is to carefully reduce the size to a manageable scale that is feasible to carry out the review, given the resources available to the reviewing team of researchers.
In the present study, the first search trial using electronic databases returned a total number of 146 087 papers (see Table 2 for the size of the initial set of papers within each of the five reviews). The broadness and massive scale of the five literature reviews called for a robust scheme to narrow down the search results to a manageable size of relevant articles, somewhere around 300 papers for each researcher. Therefore, three kinds of screening mechanisms were devised and used throughout the project, namely 'Filtering', 'Sampling' and 'Sifting'. Depending on the scale of literature size, each team had to apply the most appropriate set of screening mechanisms.
Filtering (search query-based, keyword-based, subject-based, document typebased):
Filtering comprises a number of screening mechanisms -based on search query, keywords, subject areas, and document types -to filter out less relevant papers. Filtering is basically aimed to implement the predefined exclusion criteria. For this purpose, expert opinions as well as some tools or software -such as Scopus filtering tools and CiteSpace software -were employed to formulate an appropriate search query for each database, as well as to identify irrelevant keywords, irrelevant subject areas, and academic, non-peer reviewed document types. For instance reviews 1 and 2 excluded subject area 'Medicine' and limited the search only to document types 'articles', 'conference papers' and 'reviews'. CiteSpace is one of very few visualisation tools, and perhaps the most advanced one, that enables analysis of scientific literature based on keywords. CiteSpace was used to identify and exclude irrelevant keywords from the search query, e.g. finite element method (fem) or Rapid Prototyping. The aim of sampling is to narrow down the search results -using software tools such as spreadsheets -to a manageable size for abstract reading and subsequent full-text reviewing.
This need was recognized due to the broadness and massive scale of these reviews and a need to reduce quickly the size of the search space to a sufficiently small number of papers for one or two people to be able to survey an entire field in a short period of time and to emerge with a good understanding of those literatures. For instance, an initial search within Scopus for Review 1 (review of simulation in manufacturing and business) returned 72 752 articles, due to the fact that all simulation techniques and all manufacturing and business sectors were included. A sample of 1001 papers was selected for this review, in a matter of seconds using an MS-Excel macro written in Visual Basic. The sampling procedure gives us a confidence level of 99.9% at a 5% error margin 2 . The sample size of around 1000 was empirically estimated in a way that a further sifting step through abstract reading would ultimately result in around 300 papers to be left for full-text reviewing. All review teams, except for Team 2 that had reached the target of approximately 1000 papers already, required sampling.
A number of sampling criteria were chosen in order to pick out the most important papers.
'Citation Count' was the main criterion used, though it had to be combined with other criteria, such as 'year of publication' and 'random selection' in order not to miss important papers that were newly published.
The sampling procedure was conducted for the selected list of papers, on a year-by-year basis.
Each year received a share of the sample proportional to the number of papers that were selected in the same year in the previous stage, namely 'filtering'. For instance, a bigger sample is taken from year 2007 compared to that of 1990, because year 2007 includes a bigger set of selected papers than that of year 1990 in the first place. This automatically puts more weight to the more recent years. Within each year's set of papers, 50% of the sample was picked to be the most highly cited papers, and the other 50% was sampled randomly from the remaining set of papers.
Sifting (through reviewing abstract and full text):
The last stage of screening is the "sifting", whereby handpicking of the papers was carried out using more thorough and intensive methods, including abstract reading and full-text reviewing.
As an example, Table 3 shows the results of implementation of the search and screening mechanisms reported by the Review Team 1. 
Proposed framework
Informed and fine-tuned by the findings of the above comparative analysis of the five reviews and through identifying their common elements as well as highlighting the differentiating factors, a generic framework for such large-scale reviews is proposed as depicted in Figure 4 .
Essentially this is a more elaborate version of the generic framework in Figure 1 . In this section, the proposed framework is described in detail, with a focus on search and screening.
The first phase in the framework is the formulation of the research question(s), which is followed by the identification of database(s), where the second phase -'Searching' -begins.
The multi-disciplinary research by the five teams put forward the following recommendations for the selection of database(s):
• Scopus: for Operations Research, Management Science and Health-Care fields
• PubMed: for Medical Science and Health-Care fields
• Google-Scholar: for Grey literature on various fields
• ISI Web of Knowledge: for data visualisation purposes
The process of identification of the search protocol can be initiated with inputs from experts, and then modified through an iterative process either with the assistance of data visualisation tools, e.g. CiteSpace, or through pilot searches. The visualisation tool could also contribute towards the identification of some important references that will be included in the review process -and used in the next phase (Data Extraction I). In the third phase -Data Extraction I -useful data are extracted from each selected paper, either through the database export facilities or by manual entry. The data can be stored in a computerized format, preferably in spreadsheets, where some further data can be added at a later stage. These data, such as title, year of publication, citation count, abstract, keywords, and full-text, will be used in the next phase called 'Screening'.
The screening process constitutes the fourth phase and is comprised of three sequential stages, namely a) filtering, b) sampling, and c) sifting, as described earlier in section 3.4. The process has both a rich set of mechanisms and enough flexibility to cater for tailored screening and be adapted to the diverse needs of a variety of large-scale literature reviews.
There is a high possibility that paper reviewing during the sifting stage might highlight some important references that should be chased and added to the list of sifted papers that will then be used in the subsequent Data Extraction II phase.
Some further data extraction is carried out on the final set of selected papers during the fifth phase of the framework -Data Extraction II -in order to conduct a number of analyses. These data in our study included level of implementation, M&S method(s) used, domain(s) where the method has been applied in, and industry(-ies) where the research has been or will be applicable. These data are mined mainly by using the researchers' personal expertise and judgments and require a more in-depth review of the full-texts.
Finally, phase six concludes the review process via conducting a number of analyses on the resulting data to answer the questions defined at the outset.
It is clear that the main stages of the framework are more or less universal, while the process in each stage can differ significantly depending on the specific characteristics and requirements of the reviewing task in hand. This is particularly true for the important stages of searching and screening.
Conclusions
The paper has introduced a practical rapid review method for extremely large corpora of literature. The proposed method is implemented in the form of a detailed methodological framework, which addresses the current challenges faced by the research community today in terms of size of literature corpus and pressure to deliver quick, timely results. Indeed, a major challenge for research projects today is the analysis of a number of diverse corpora of literature -which increases both the thematic coverage and sheer volume of available papers -within a reasonable time scale. To be more specific, the contributions of this research lie in the following areas:
a) The incorporation of data visualisation tools, sampling mechanisms, and forward (as well as backward) reference chasing search method in systematic review methodologies b) The accomplishment of an empirical study through conducting five inter-linked literature review projects on management, simulation and modelling, and c) The development of a framework for conducting large-scale literature reviews.
We envisage that the framework will help to deal with intensive literature reviewing in a wide variety of research projects, particularly large-scale or interdisciplinary. This can be achieved by narrowing the target set of papers down to a size that can be managed and analysed by a small team of researchers. The development of the framework was informed by existing literature research methods as well as by recent results from five reviews, addressing different sectors of application of Modelling, Simulation, and Management methods, carried out within a large-scale feasibility study, which examines the use of such methods in each sector and the potential for knowledge transfer between sectors of application. Fine-tuned by a multi-perspective comparative analysis of the five reviews and through identifying their common elements as well as examining the differentiating factors, a generic framework for such large-scale reviews was proposed based on the widely accepted, generic model for academic literature reviews by McKibbon, K.A. (2006) . Although the five examples of largescale reviews targeted one broad topic -namely applications of Modelling, Simulation, and Management methods in a number of sectors -and several interesting results have been extracted in relation to this research topic, there are findings of wider significance, which are to do with the literature review process. From the present comparison of the characteristics of the five examples of large-scale reviews, it becomes clear that the nature of literature reviews can differ in terms of their aims and their requirements, and that the reviewing process should adapt to these differentiated needs. Thus, although the basic principles of reviewing might be the same for many different scenarios, certain elements of the process (mainly searching and screening) are more likely to need a more customised approach. The proposed methodological framework involves a pathway, which offers alternative routes, catering for the specific needs of the reviewing task at hand. Furthermore, the five large-scale reviews presented in this study provide considerable evidence to strengthen confidence on the applicability of the framework to other fields.
A limitation of this study is that a significant amount of knowledge and hands-on experience is required about the application of network visualisation tools, whereas there currently seems to be a scarcity of such capabilities within the research community. Therefore, skills with network visualisation tools should be provided, either through conducting hands-on training for the research team or by bringing relevant experts on-board. Another limitation is the parametric nature of the sampling method, which can nevertheless serve as a means of customisation for various contexts.
Further methodological development might be necessary to make the reviewing process more robust. An example might involve extending the method to cover the grey literature. A burgeoning grey literature, often rich in describing current practice, is another feature of the current scene that presents an interesting challenge to the researcher interested in surveying a large domain. Future work could address this challenge and explore appropriate strategies in tackling the large swathes of grey literature. One of our five literature reviews has shown that there are a number of areas that are particularly challenging when dealing with grey literature, including the selection of the right keywords, the management of duplicates, and reliability of information and quality control. 
